The coding region for the Pneumocyst-ifl carlni i small subunit rRNA (16S-like rRNA) contains 390 extra ba3e pairs in a region that is highly conserved in other eukaryotic rRNA genes. The sequence has all the elements characteristic of group I self-splicing introns and interrupts the phylogenetically conserved helix proximal to the 3' terminus of the 16S-like rRNA. in. vif.ro transcripts containing the putative group I intron were capable of undergoing a "self-splicing" reaction which required the presence of guanine nucleotide.
INTRODUCTION
Intervening sequences (intron3) have been reported for large subunit ribo3Omal RNA (23S-like rRNA) coding regions from the nuclear genomes of protozoans (1) (2) (3) , as well as the genomes of chloroplasts (4) , and fungal mitochondria (5) . Introns have not yet been detected in 5S or 5.8S rRNA genes but recently they have been found in the small subunit rRNA (16S-like rRNA) coding region from the Chiamyrinmona* rwi nhardt-.li chloroplast genome (cited in 6). All reported introns in rRNA genes are members of group I (7) which can be distinguished from other intervening sequence classes by the RNA processing mechanisms used for their excision from primary transcripts (8) . Some group I introns can participate in cleavage-ligation reactions in vitro that are dependent upon guanine mononucleotides and simple salt3 but do not require the presence of a catalytic protein component (9) .
There are two competing proposals for the origins of introns. They might be "molecular fossils" which, in the progenote, mediated the rearrangement of exons that specified functional domains in proteins (10, 11) .
Alternatively, introns may be derived from genetic elements that invaded coding regions relatively late in the evolutionary history of their flanking exons (12) . For group I introns, we have previously presented phylogenetic evidence for their acquisition in 23S-like rRNA coding regions subsequent to
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the divergence of some of the major Tet-rahymena groups (13) . Here we report the identification of a group I intron from an rRNA gene isolated from Pnpumony.itla carini i . the most common opportunistic pathogen in AIDS. This is the first description of a group I intron in a 16S-like rRNA coding region from a nuclear genome. The intron displays similarities to that found in Terrahvmena 23S-like rRNAs and it is capable of undergoing a guanine mononucleotide dependent self-splicing reaction. The similarity of the intron in the £_._ carinii lGS-like rRNA coding region to that found in the nonhomologous 23S-like rRNA coding region of T«trahy«na supports the hypothesis that group I introns in rRNA genes have arisen from lateral gene transfer events.
METHODS
Preparation of DNA and rftrombin^n*" libraries Recombinant bacteriophage lambda clones containing the P_^ carinii 16S-like rRNA coding region were isolated as previously described (14) . Briefly, P. carinii trophozoites were purified from infected rat lungs and lysed by treatment with guanidinium isothiocyanate. RNA wa3 precipitated with LiCl and DNA was recovered from the LiCl supernatant by precipitation with one volume of iaopropanol. The DNA pellet was recovered by centrifugation at 5000 g, resuspended in 10 raM Tris-HCl, 1 mM EDTA plus 1% SDS, and extracted with phenol. After precipitation with isopropanol, the DNA wa3 mechanically sheared to 4-9 kilobases (k.b.), EcoRl linkers were "blunt-end" ligated to the DNA fragments, and a library was prepared in the bacteriophage lambda ZAP (15) .
Identification of recombinanf. phagp containing rRNA coding regions
The library wa3 characterized by differential hybridization to 32p_ labeled rat lung cDNA and E-u r.arinil cDNA. About 50% of the clones hybridized specifically to E^. carini i cDNA and 10% hybridized to rat lung cDNA. The remainder presumably represent clones containing genes with either low abundance mes3age3 or nontranscribed regions of the genome(s). To isolate rRNA clones, a fragment encoding a portion of the Enramoeba hiatolyr lea 16S-like rRNA was used to probe "filter lifts" of phage plaques under conditions of reduced stringency. Six recombinant phaga were identified which tentatively contained 16S-like rRNA coding region sequences. Restriction mapping and partial DNA sequence analysis demonstrated that one of these clones contains the entire 16S-like rRNA coding region, in aitll hybridization to P__ carini i infected human lung sections confirmed the identity of the cloned E^. carinii rRNA coding region (14) . Consensus sequence were generated tor the P, Q, R, and S regions tor 19 group I introns from 16S-li)ce and 23S-like rRNA coding regions (6) . Upper case letters are >90% conserved, lower case >70% conserved. In vitro splicing of the putative P. carinii oroup I intron
The self splicing capability of the putative P_. carinii group I intron was evaluated in vlfrn using phenol extracted precursor RNAs. Naturally occurring primary transcripts containing the intron could not be isolated because of inability to purify sufficient amounts of P_^ cnHni i . As an alternative. In. vitro transcripts were prepared from the rescued Bluescript SK(-) plasmid ppcrrna3, which contains a T7 RNA polymerase promoter site, the 3' half of the E^. rarlnll 16S-like rRNA, and the flanking 5.8S rRNA coding region. The plasmid was converted to a linear form by digestion with BamHl and transcribed with T7 phage RNA polymerase. Transcripts from the polymerase reaction were extracted with phenol/chloroform and concentrated by precipitation with ethanol. Figure 3 , lane a, displays the total products from the T7 RNA polymerase reaction using BamHl digested ppcrrna3 plasmid DNA.
Note that the self splicing products are evidently generated efficiently during the transcription reaction. To demonstrate that the process occurs independent of protein, the 2400 nucleotide precursor was purified on a 5%
sequencing gel and shown to be free of spliced products (lane b). The conceivable that they also resulted from transposition events but were not subject to selective pressures similar to those Imposed upon the group I introns in highly conserved regions of rRNA genes.
Group I introns in rRNA genes have been described in a wide variety of eukaryotic organellar and nuclear genomes. E^. r.arinj 1 has traditionaly been considered to be a protozoan, however we have recently shown that phylogenetic analysis of its 16S-like rRNA reveals it to be a member of the Fungi (14) .
This ia the first example of an intervening sequence in a fungal nuclear rRNA gene and it is the first report of a group I intron in a 16S-like rRNA coding region.
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